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FIG. 5
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1
SEMICONDUCTOR DEVICE,
SEMICONDUCTOR DEVICE DESIGN
METHOD, SEMICONDUCTOR DEVICE
DESIGN APPARATUS, AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application is a Continuation Application of U.S.
patent application Ser. No. 13/452,801, filed on Apr. 20,2012,
which is pending, the contents of which are hereby incorpo-
rated by reference.

This application is based on Japanese patent application
No. 2011-101656, the content of which is incorporated here-
into by reference.

BACKGROUND

1. Technical Field

The present invention relates to a semiconductor device, a
semiconductor device design method, a semiconductor
device design apparatus, and a program.

2. Related Art

A semiconductor device is equipped with Input/Output
(I/O) cells for input and output of signals to an external
device. A power potential supply cell and a ground potential
supply cell are also provided in the semiconductor device in
order to supply electric power to the semiconductor device.
These cells are provided along the edge of the semiconductor
device in a plan view.

In recent years, as semiconductor devices have become
smaller, one side of each semiconductor device has become
shorter. Moreover, the number of pins in the semiconductor
device is also increasing. Nevertheless, cells cannot be min-
iaturized below a certain extent. Thus, some studies have been
made of a multiple-stage array of the cells.

For example, Japanese Patent Publication No. 3947119
discloses that the arrangement distance between inner periph-
eral side cells is made larger than the arrangement distance
between outer peripheral side cells. Japanese Patent Publica-
tion No. 3259763 discloses that power supply interconnects
of 1/O cells provided in the same column are mutually con-
nected and that a cell located at the inner peripheral side is
made smaller than a cell located at the outer peripheral side.
Japanese Laid-Open Patent Publication No. 2002-151590
discloses arraying long 1/O cells in the longitudinal direction.
Japanese Laid-Open Patent Publication No. 2008-141168
discloses that some portions include a multiple-stage array of
the cells, whereas the other portions include one stage array of
the cells. Japanese [aid-Open Patent Publication No. 2006-
147610 discloses that in order to reduce the chip area, one [/O
cell is divided into subblocks according to each function and
that the arrangement and combination of the subblocks pro-
vide a function of one I/O cell.

U.S. Unexamined Patent Application Publication No.
2005/0116356 discloses arraying a ground cell, a power
potential supply cell, and an 1/O cell in this order from the
outer peripheral side and connecting these cells to the inside
region using interconnects of a lower layer. U.S. Pat. No.
6,798,075 discloses arraying pads with different voltage lev-
els in different stages and then connecting the plurality of
pads to one I/O cell. U.S. Unexamined Patent Application
Publication No. 2007/0187808 discloses that a semiconduc-
tor chip with a multiple-stage array of cells is disposed on an
interconnect substrate and that pads of the cells of the semi-
conductor chip is connected to interconnects on the intercon-
nect substrate through bonding wires.
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As semiconductor devices have become smaller in recent
years, one side of each semiconductor device has become
short. Additionally, as the number of semiconductor elements
integrated in a semiconductor chip increases, the level of
functionality realizable by the semiconductor chip has also
been improved. In this case, since the number of input and
output signals increases, the number of pins in the semicon-
ductor device is also increasing. For this reason, it is neces-
sary to array as many as possible I/O cells at one side of the
semiconductor device. Thus, it is necessary to supply a power
potential and a ground potential to each stage if cells are
arrayed in multiple stages. In general, a power potential sup-
ply cell and a ground potential supply cell are provided in
each stage. In this case, however, the number of /O cells
decreases as the number of power potential supply cells and
the number of ground potential supply cells increase.

SUMMARY

In one embodiment, there is provided a semiconductor

device comprising:

a semiconductor chip, the semiconductor chip including:

a substrate;

a multilayer interconnect layer formed over the substrate;

an outer peripheral cell column disposed along an edge of
the substrate in a plan view, the outer peripheral cell
column having at least one first I/O cell;

an inner peripheral cell column formed at an inner periph-
eral side of the outer peripheral cell column, the inner
peripheral cell column having at least one second 1/0O
cell;

a potential supply cell provided in at least either the outer
peripheral cell column or the inner peripheral cell col-
umn, the potential supply cell being either a power
potential supply cell or a ground potential supply cell;

electrode pads formed in the uppermost interconnect layer
ofthe multilayer interconnect layer, wherein the first /O
cell, the potential supply cell, at least one of the electrode
pads being provided in the first I/O cell, at least one of
the electrode pads being provided in the potential supply
cell, at least one of the electrode pads being provided in
the second I/O cell;

a first potential supply interconnect provided in an inter-
connect layer below the uppermost interconnect layer,
the first potential supply interconnect being extending in
the same direction as the outer peripheral cell column,
the first potential supply interconnect being connected to
the first 1/O cell,

a second potential supply interconnect provided in another
or the interconnect layer below the uppermost intercon-
nect layer, the second potential supply interconnect
being extending in the same direction as the inner
peripheral cell column, the second potential supply
interconnect being located at an inner peripheral side of
the first potential supply interconnect in a plan view, the
second potential supply interconnect being connected to
the second 1/O cell; and

a potential-supply connection interconnect connecting the
first potential supply interconnect and the second poten-
tial supply interconnect,

wherein the potential supply cell directly connects to either

one of the first potential supply interconnect or the second
potential supply interconnect, and the potential supply cell
connects through the one and the potential-supply connection
interconnect to the other one of the first potential supply
interconnect or the second potential supply interconnect.
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In the semiconductor device according to the embodiment
of the present invention, the potential supply cell is provided
in either the inner peripheral cell column or the outer periph-
eral cell column. The second potential supply interconnect
located below the inner peripheral cell column and the first
potential supply interconnect located below the outer periph-
eral cell column are connected to each other using the poten-
tial-supply connection interconnect. Either the first potential
supply interconnect or the second potential supply intercon-
nect is connected to the potential supply cell. For this reason,
even if a potential supply cell is not provided in either the
inner peripheral cell column or the outer peripheral cell col-
umn, a predetermined electric potential can be supplied to
both the inner peripheral cell column and the outer peripheral
cell column. As a result, a larger number of I/O cells can be
arrayed.

In another embodiment, there is provided a semiconductor
device design method for designing a semiconductor device
using a computer, comprising:

disposing an outer peripheral cell column including at least
one first /O cell along an edge of a substrate of the semicon-
ductor device;

disposing at least one inner peripheral cell column includ-
ing at least one second I/O cell at an inner peripheral side of
the outer peripheral cell column;

disposing a potential supply cell in either the outer periph-
eral cell column or the inner peripheral cell column, the
potential supply cell being either a power potential supply cell
or a ground potential supply cell;

disposing a first potential supply interconnect in an inter-
connect layer below the uppermost interconnect layer, the
first potential supply interconnect being extending in the
same direction as the outer peripheral cell column, the first
potential supply interconnect being connected to the first I/O
cell;

disposing a second potential supply interconnect in another
or the interconnect layer below the uppermost interconnect
layer, the second potential supply interconnect being extend-
ing in the same direction as the inner peripheral cell column,
the second potential supply interconnect being located at an
inner peripheral side of the first potential supply interconnect
in a plan view, the second potential supply interconnect being
connected to the second 1/O cell;

connecting the potential supply cell to either the first poten-
tial supply interconnect or the second potential supply inter-
connect that overlaps the potential supply cell; and

disposing a potential-supply connection interconnect con-
necting the first potential supply interconnect to the second
potential supply interconnect.

In still another embodiment, there is provided a semicon-
ductor device design apparatus supporting design of a semi-
conductor device, comprising:

a cell arrangement unit:

disposing an outer peripheral cell column including at least

one first [/O cell along an edge of a substrate of the
semiconductor device;

disposing at least one inner peripheral cell column includ-

ing at least one second I/O cell at an inner peripheral side
of the outer peripheral cell column; and

disposing a potential supply cell in either the outer periph-

eral cell column or the inner peripheral cell column, the
potential supply cell being either a power potential sup-
ply cell or a ground potential supply cell,

a potential supply interconnect arrangement unit:

disposing a first potential supply interconnect in an inter-

connect layer below the uppermost interconnect layer,
the first potential supply interconnect being extending in
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the same direction as the outer peripheral cell column,
the first potential supply interconnect being connected to
the first 1/O cell,

disposing a second potential supply interconnect in another

or the interconnect layer below the uppermost intercon-
nect layer, the second potential supply interconnect
being extending in the same direction as the inner
peripheral cell column, the second potential supply
interconnect being located at an inner peripheral side of
the first potential supply interconnect in a plan view, the
second potential supply interconnect being connected to
the second 1/O cell; and

connecting the potential supply cell to either the first poten-

tial supply interconnect or the second potential supply
interconnect that overlaps the potential supply cell, and

a connection interconnect arrangement unit disposing a
potential-supply connection interconnect connecting the first
potential supply interconnect to the second potential supply
interconnect.

In still another embodiment, there is provided a program
causing a computer to function as a semiconductor device
design apparatus supporting design of a semiconductor
device, the program causing the computer to have:

a function of:

disposing an outer peripheral cell column including at least

one first [/O cell along an edge of a substrate of the
semiconductor device;

disposing at least one inner peripheral cell column includ-

ing at least one second I/O cell at an inner peripheral side
of the outer peripheral cell column; and

disposing a potential supply cell in either the outer periph-

eral cell column or the inner peripheral cell column, the
potential supply cell being either a power potential sup-
ply cell or a ground potential supply cell,

a function of:

disposing a first potential supply interconnect in an inter-

connect layer below the uppermost interconnect layer,
the first potential supply interconnect being extending in
the same direction as the outer peripheral cell column,
the first potential supply interconnect being connected to
the first 1/O cell,

disposing a second potential supply interconnect in another

or the interconnect layer below the uppermost intercon-
nect layer, the second potential supply interconnect
being extending in the same direction as the inner
peripheral cell column, the second potential supply
interconnect being located at an inner peripheral side of
the first potential supply interconnect in a plan view, the
second potential supply interconnect being connected to
the second 1/O cell; and

connecting the potential supply cell to either the first poten-

tial supply interconnect or the second potential supply
interconnect that overlaps the potential supply cell, and

a function of disposing a potential -supply connection inter-
connect connecting the first potential supply interconnect to
the second potential supply interconnect.

According to the embodiments of the present invention, a
larger number of 1/O cells can be arrayed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of the
present invention will be more apparent from the following
description of certain preferred embodiments taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a plan view showing the configuration of a semi-
conductor device according to a first embodiment;
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FIG. 2 is a plan view showing the configuration of an /O
cell shown in FIG. 1;

FIG. 3 is a plan view showing a semiconductor chip shown
in FIG. 1 mounted on an interconnect substrate;

FIG. 4 is a plan view showing the configuration of a semi-
conductor device in a comparative example;

FIG. 5 is a view showing the number of 1/O cells, the
number of power potential supply cells, the number of ground
potential supply cells, and the number of long bonding wires
connected to power potential supply cells and ground poten-
tial supply cells in the example shown in FIG. 3 and the
example shown in FIG. 4;

FIG. 6 is a block diagram showing the functional configu-
ration of a semiconductor device design apparatus;

FIG. 7 is a plan view showing the configuration of a semi-
conductor device according to a second embodiment;

FIG. 8 is a plan view showing the configuration of a semi-
conductor device in a second comparative example;

FIG. 9 is a plan view showing the configuration of a semi-
conductor device in a third comparative example;

FIG.10is a table showing advantages and disadvantages in
the example shown in FIG. 7, the example shown in FIG. 8,
and the example shown in FIG. 9;

FIG. 11 is a plan view showing the configuration of a
semiconductor chip according to a third embodiment;

FIG. 12 is a plan view showing the configuration of an [/O
cell used in FIG. 11;

FIG. 13 is a plan view showing the configuration of a
semiconductor chip according to a fourth embodiment;

FIG. 14 is a plan view showing the configuration of a
semiconductor chip according to a fifth embodiment;

FIG. 15 is a plan view showing the configuration of an [/O
cell used in FIG. 14;

FIG. 16 is a plan view showing a modification of FIG. 14;

FIG. 17 is a plan view showing the configuration of a
semiconductor chip according to a sixth embodiment;

FIG. 18 is a plan view showing the configuration of a
semiconductor chip according to a seventh embodiment;

FIG. 19 is a view showing the layout of cells provided in a
semiconductor chip according to an eighth embodiment;

FIG. 20 is a view showing a modification of FIG. 19;

FIG. 21 is a view showing the layout of cells provided in a
semiconductor chip according to a ninth embodiment;

FIG. 22 is a view showing a modification of FIG. 21;

FIG. 23 is a view showing the layout of cells provided in a
semiconductor chip according to a tenth embodiment;

FIG. 24 is a view showing a modification of FIG. 23;

FIG. 25 is a view showing a modification of FIG. 23;

FIG. 26 is a view showing the layout of cells provided in a
semiconductor chip according to an eleventh embodiment;

FIG. 27 is a view showing a modification of FIG. 26;

FIG. 28A is a view showing the configuration of an /O
cell;

FIG. 28B is a view showing the configuration of two ver-
tically-arranged power potential supply cells (or two ground
potential supply cells);

FIG. 29 is a view showing the layout of cells provided in a
semiconductor chip according to a twelfth embodiment;

FIG. 30 is a view illustrating the layout of cells provided in
the semiconductor chip according to the twelfth embodiment;

FIG. 31 is a sectional view showing the configuration of a
semiconductor device according to a thirteenth embodiment;
and

FIG. 32 is a sectional view showing the configuration of a
semiconductor device in a modification of the first embodi-
ment.
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6
DETAILED DESCRIPTION

The invention will be now described herein with reference
to illustrative embodiments. Those skilled in the art will rec-
ognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the invention is not limited to the embodiments illustrated for
explanatory purposes.

Hereinafter, embodiments of the present invention will be
described using the drawings. In addition, the same compo-
nents are denoted by the same reference numerals in all draw-
ings, and explanation thereof will not be repeated.

First Embodiment

FIG. 1 is a plan view showing the configuration of a semi-
conductor device according to a first embodiment. The semi-
conductor device has a semiconductor chip 10. The semicon-
ductor chip 10 has a substrate (for example, a silicon
substrate) and a multilayer interconnect layer formed on the
substrate. In the semiconductor chip 10, an outer peripheral
cell column 20 and an inner peripheral cell column 30 are
arrayed in a plan view. The outer peripheral cell column 20 is
a plurality of cells arrayed along the edge 12 of the substrate
of the semiconductor chip 10 in a plan view. These cells
include a plurality of /O cells 200 (first I/O cells) and at least
either a power potential supply cell 202 or a ground potential
supply cell 204. The inner peripheral cell column 30 is formed
atthe inner peripheral side of the outer peripheral cell column
20 in a plan view, and includes a plurality of 1/O cells 200
(second I/O cells). An electrode pad 226 is provided in each of
the I/O cell 200, the power potential supply cell 202, and the
ground potential supply cell 204. The electrode pad 226 is
formed in the uppermost interconnect layer of the multilayer
interconnect layer.

In an interconnect layer below the uppermost interconnect
layer, a power potential supply interconnect 222 and a ground
potential supply interconnect 224 (first potential supply inter-
connect) are provided in a region overlapping the outer
peripheral cell column 20 in a plan view. The power potential
supply interconnect 222 and the ground potential supply
interconnect 224 extend in a direction along the outer periph-
eral cell column 20. The power potential supply interconnect
222 is connected to the power potential supply cell 202. The
ground potential supply interconnect 224 is connected to the
ground potential supply cell 204. The power potential supply
interconnect 222 and the ground potential supply intercon-
nect 224 supply a power potential and a ground potential,
respectively, to the /O cells 200 that form the outer peripheral
cell column 20.

In an interconnect layer below the uppermost interconnect
layer, the power potential supply interconnect 222 and the
ground potential supply interconnect 224 (second potential
supply wiring) are provided also in a region overlapping the
inner peripheral cell column 30 in a plan view. The power
potential supply interconnect 222 and the ground potential
supply interconnect 224 extend in a direction along the inner
peripheral cell column 30. In a plan view, such a power
potential supply interconnect 222 and such a ground potential
supply interconnect 224 are located at the inner peripheral
side in relation to the power potential supply interconnect 222
and the ground potential supply interconnect 224 located
below the outer peripheral cell column 20. The above power
potential supply interconnect 222 and the ground potential
supply interconnect 224 are connected to the I/O cells 200
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that form the inner peripheral cell column 30. Thus, the power
potential and the ground potential are supplied to the /O cells
200.

A potential-supply connection interconnect 230 is pro-
vided in the multilayer interconnect layer. In a plan view, the
potential-supply connection interconnect 230 overlaps some
1/0 cells 200 of the outer peripheral cell column 20 and some
1/O cells 200 of the inner peripheral cell column 30. The
potential-supply connection interconnect 230 connects the
power potential supply interconnect 222 located below the
outer peripheral cell column 20 to the power potential supply
interconnect 222 located below the inner peripheral cell col-
umn 30. The potential-supply connection interconnect 230
also connects the ground potential supply interconnect 224
located below the outer peripheral cell column 20 to the
ground potential supply interconnect 224 located below the
inner peripheral cell column 30. One potential-supply con-
nection interconnect 230 shown in FIG. 1 is formed by a
bundle of a plurality of interconnects. Some of the intercon-
nects (power connection interconnects) connect to the power
potential supply interconnect 222, and the other interconnects
(ground connection interconnects) connect to the ground
potential supply interconnect 224.

In the example shown in FIG. 1, at least either the power
potential supply cell 202 or the ground potential supply cell
204 is not provided in the inner peripheral cell column 30.
Specifically, neither the power potential supply cell 202 nor
the ground potential supply cell 204 is provided in the inner
peripheral cell column 30. This makes it possible to array a
larger number of I/O cells 200 in the inner peripheral cell
column 30.

The potential-supply connection interconnect 230 is
formed in an interconnect layer below the electrode pad 226.
Specifically, in the example shown in FIG. 1, the power poten-
tial supply interconnect 222 and the ground potential supply
interconnect 224 are formed in the same interconnect layer
(an interconnect layer below the electrode pad 226). For
example, the power potential supply interconnect 222 and the
ground potential supply interconnect 224 are formed in the
interconnect layer immediately below the electrode pad 226.
The potential-supply connection interconnect 230 is formed
in an interconnect layer below the power potential supply
interconnect 222 and the ground potential supply intercon-
nect 224. For example, the potential-supply connection inter-
connect 230 is formed in the interconnect layer immediately
below the power potential supply interconnect 222 and the
ground potential supply interconnect 224. If the power poten-
tial supply interconnect 222 and the ground potential supply
interconnect 224 are formed in a much lower interconnect
layer, the potential-supply connection interconnect 230 may
be formed in an interconnect layer above the power potential
supply interconnect 222 and the ground potential supply
interconnect 224.

The potential-supply connection interconnect 230 may be
provided over the electrode pad 226. In this case, however, the
electrode pad 226 is hidden by the potential-supply connec-
tion interconnect 230 in a portion overlapping the potential-
supply connection interconnect 230. This prevents input and
output of signals through connecting a bonding wire to the
electrode pad 226. For this reason, the I/O cells 200 cannot be
provided in this case.

In the example shown in FIG. 1, each cell of the outer
peripheral cell column 20 and each cell of the inner peripheral
cell column 30 are alternately arrayed in a direction along the
edge 12. Specifically, in the direction along the edge 12, the
center of each cell of the outer peripheral cell column 20 and
a boundary portion of each cell of the inner peripheral cell
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column 30 overlap each other. Moreover, in the direction
along the edge 12, the center of the electrode pad 226 of the
outer peripheral cell column 20 overlaps the center between
the electrode pads 226 of the inner peripheral cell column 30.

Inthe outer peripheral cell column 20, the potential-supply
connection interconnect 230 of the 1/O cell 200 extends in a
direction perpendicular to the edge 12. In the inner peripheral
cell column 30, the potential-supply connection interconnect
230 extends in a direction perpendicular to the edge 12. The
potential-supply connection interconnects 230 included in
the outer peripheral cell column 20 are connected to the
respective potential-supply connection interconnects 230
included in the inner peripheral cell column 30. That is, the
plurality of potential-supply connection interconnects 230
extend in a direction perpendicular to the edge 12, and spread
from the outer peripheral cell column 20 to the inner periph-
eral cell column 30.

In the example shown in FIG. 1, two potential-supply con-
nection interconnects 230 are provided for one 1/O cell 200.
The two potential-supply connection interconnects 230 are
disposed axisymmetrically with respect to the line perpen-
dicular to the edge 12 passing through the center of the I/O
cell 200. Specifically, the centerline of the potential-supply
connection interconnects 230 is distant from the line passing
through the center of the I/O cell 200 by Y4 of the width of the
1/O cell 200.

In either the outer peripheral cell column 20 or the inner
peripheral cell column 30 (in the example shown in FIG. 1,
the inner peripheral cell column 30), the /O cell 200 located
at the end protrudes its half side from a cell of the other
peripheral cell column (in the example shown in FIG. 1, the
outer peripheral cell column 20). For this reason, unlike other
I/O cells 200, the I/O cell 200 located at the end is not
provided with the potential-supply connection interconnect
230 to be located at its half end side.

An inside circulating power supply interconnect 300 is
provided inside the inner peripheral cell column 30. The
inside circulating power supply interconnect 300 goes around
the semiconductor chip 10, and supplies a power potential
and a ground potential to an internal circuit of the semicon-
ductor chip 10.

FIG. 2 is a plan view showing the configuration of the I/O
cell 200 shown in FIG. 1. The I/O cell 200 has the electrode
pad 226 and an element arrangement region 228. The element
arrangement region 228 is a region where each element (for
example, a transistor) of the I/O cell 200 is disposed. The
center of the electrode pad 226 may overlap the center of the
element arrangement region 228.

In addition, the 1/0 cell 200 has the power potential supply
interconnect 222, the ground potential supply interconnect
224, and the potential-supply connection interconnect 230.

The power potential supply interconnect 222 and the
ground potential supply interconnect 224 extend from one
end to the other end of the I/O cell 200 in the width direction
(the direction along the edge 12 in FIG. 1). The potential-
supply connection interconnect 230 extends from one end to
the other of the I/O cell 200 in the height direction (the
direction perpendicular to the edge 12 in FIG. 1). If the [/O
cells 200 are horizontally arrayed, the power potential supply
interconnects 222 and the ground potential supply intercon-
nects 224 are connected between the adjacent /O cells 200.

The positions of the potential-supply connection intercon-
nects 230 in the /O cell 200 are so set that the potential-
supply connection interconnects 230 can connect between the
1/O cells 200 arrayed alternately in the vertical direction. The
potential-supply connection interconnect 230 is repeated
with the same shape in left and right halves of the I/O cell 200
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in relation to the line A passing through the center of the I/O
cell 200. In particular, in the example shown in FIG. 2, the two
potential-supply connection interconnects 230 are axisym-
metrical with respect to the line A passing through the center
of the I/O cell 200, and the distance between the centers of the
two potential-supply connection interconnects 230 is half of
the distance between the centers of the 1/O cells 200 adjacent
to each other. The respective insides of the two potential-
supply connection interconnects 230 include an interconnect
for connecting the power potential supply interconnect 222
and an interconnect for connecting the ground potential sup-
ply interconnect 224 at the same position.

In addition, the I/O cell 200, the power potential supply cell
202, and the ground potential supply cell 204 have the same
planar shape, and the arrangement of the power potential
supply wiring 222, the ground potential supply wiring 224,
and the potential-supply connection interconnect 230 is also
the same. For this reason, these cells are compatible in deter-
mining the layout.

FIG. 3 is a plan view showing the semiconductor chip 10
shown in FIG. 1 mounted on an interconnect substrate 50. The
wiring substrate 50 has a plurality of electrodes 52 to form a
first electrode column and a plurality of electrodes 54 to form
a second electrode column. The electrode 52 is located closer
to the semiconductor chip 10 than the electrode 54 is. Each
cell of the outer peripheral cell column 20 is connected to the
electrode 52 through a bonding wire 56, and each cell of the
inner peripheral cell column 30 is connected to the electrode
54 through the bonding wire 56. That is, the bonding wire 56
connecting the inner peripheral cell column 30 and the elec-
trode 54 is longer than the bonding wire 56 connecting the
outer peripheral cell column 20 and the electrode 52.

Next, operations and effects of the present embodiment
will be described. According to the present embodiment, the
power potential supply interconnect 222 and the ground
potential supply interconnect 224 located below the inner
peripheral cell column 30 are connected to the power poten-
tial supply interconnect 222 and the ground potential supply
interconnect 224 located below the outer peripheral cell col-
umn 20 through the potential-supply connection interconnect
230. Therefore, even if the power potential supply cell 202
and the ground potential supply cell 204 are not provided in
the inner peripheral cell column 30, the power potential and
the ground potential can be supplied to the power potential
supply interconnect 222 and the ground potential supply
interconnect 224 located below the inner peripheral cell col-
umn 30. As a result, a larger number of /O cells 200 can be
arrayed in the inner peripheral cell column 30.

In addition, it is preferable that the bonding wire 56 con-
nected to the power potential supply cell 202 and the ground
potential supply cell 204 be short. In the present embodiment,
the power potential supply cell 202 and the ground potential
supply cell 204 are not provided in the inner peripheral cell
column 30. For this reason, it is possible to suppress an
increase in the length of the bonding wire 56 connected to the
power potential supply cell 202 and the ground potential
supply cell 204.

The above effect will be further described using FIGS. 4
and 5. FIG. 4 is a plan view showing the configuration of a
semiconductor device in a comparative example, and corre-
sponds to FIG. 3 in the first embodiment. In this comparative
example, the potential-supply connection interconnect 230 is
not provided. Instead, the power potential supply cell 202 and
the ground potential supply cell 204 are provided in the inner
peripheral cell column 30.

FIG. 5 shows the number of I/O cells 200 and the number
of'potential supply cells (power potential supply cells 202 and
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ground potential supply cells 204) and the number of long
bonding wires connected to the potential supply cells in the
first embodiment (example shown in FIG. 3) and the first
comparative example (example shown in FIG. 4). Eleven [/O
cells 200 are provided in the example shown in FIG. 3, while
only nine 1/O cells 200 are provided in the example shown in
FIG. 4. This is because the number of potential supply cells in
the example shown in FIG. 4 is larger by 2 than that in the
example shown in FIG. 3. The number of long bonding wires
connected to the potential supply cells is 0 in the example
shown in FIG. 3, while the number of long bonding wires
connected to the potential supply cells is 2 in the example
shown in FIG. 4. Thus, the semiconductor device according to
the first embodiment is advantageous compared with the
semiconductor device in the first comparative example in
various points.

The semiconductor chip 10 may be formed using a semi-
conductor device design apparatus 500 shown in FIG. 6, for
example. The semiconductor device design apparatus 500 has
a cell arrangement unit 510, a connection interconnect
arrangement unit 520, and a potential supply interconnect
arrangement unit 530.

The cell arrangement unit 510 sets the layout of the outer
peripheral cell column 20 and the inner peripheral cell col-
umn 30 according to an input from a designer. For example,
when the designer inputs the arrangement of the electrode pad
226 as a layout of the outer peripheral cell column 20 and the
inner peripheral cell column 30, the cell arrangement unit 510
disposes each cell according to the input. The cell arrange-
ment unit 510 uses various kinds of data stored in a cell data
storage unit 512 and an arrangement rule storage unit 514.
The cell data storage unit 512 stores design data ofthe [/O cell
200, the power potential supply cell 202, and the ground
potential supply cell 204. The cell data storage unit 512 does
not include design data of the power potential supply inter-
connect 222 and the ground potential supply interconnect
224. The arrangement rule storage unit 514 stores the
arrangement rules of the I/O cell 200, the power potential
supply cell 202, and the ground potential supply cell 204. The
cell arrangement unit 510 disposes a cell for filling the gap if
necessary. Data of this cell is also stored in the cell data
storage unit 512. In addition, the cell arrangement unit 510
verifies whether or not the layout of cells satisfies the arrange-
ment rules stored in the arrangement rule storage unit 514 if
necessary.

The connection interconnect arrangement unit 520 per-
forms processing for disposing the potential-supply connec-
tion interconnect 230. Specifically, the potential-supply con-
nection interconnect 230 is included in each of the I/O cell
200, the power potential supply cell 202, and the ground
potential supply cell 204. The connection interconnect
arrangement unit 520 checks whether or not the potential-
supply connection interconnects 230 included in these cells
are connected between the cells arranged in the vertical direc-
tion. Moreover, the connection interconnect arrangement unit
520 performs processing for treating these interconnects as
one interconnect.

The potential supply interconnect arrangement unit 530
disposes the power potential supply interconnect 222 and the
ground potential supply interconnect 224 according to the
layout of the outer peripheral cell column 20 and the inner
peripheral cell column 30 set by the cell arrangement unit
510. The design data processed in the potential supply inter-
connect arrangement unit 530 is stored in a design data stor-
age unit 532.

Each component of the semiconductor device design appa-
ratus 500 shown in FIG. 6 is not a configuration in a hardware
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unit but a block in a functional unit. Each component of the
semiconductor device design apparatus 500 is realized by any
combination of hardware and software based on a CPU of any
computer, a memory, a program for realizing the component
in this drawing loaded in the memory, a storage unitsuch as a
hard disk storing the program, and an interface for network
connection. In addition, there are various modifications in the
implementation method and the apparatus.

In the present embodiment, both the power potential sup-
ply cell 202 and the ground potential supply cell 204 are
disposed in the outer peripheral cell column 20. Nevertheless,
one or both of the power potential supply cell 202 and the
ground potential supply cell 204 may be provided only in the
inner peripheral cell column 30 instead of the outer peripheral
cell column 20. Also in this case, a larger number of I/O cells
200 can be arrayed if the number of the I/O cells 200 is
assumed as a sum of the outer peripheral cell column 20 and
the inner peripheral cell column 30.

FIG. 32 is a plan view showing the configuration of a
semiconductor chip 10 in a modification of the first embodi-
ment, and corresponds to FIG. 1 in the first embodiment. The
semiconductor chip 10 in this modification is the same as the
semiconductor chip according to the first embodiment except
for the following points.

First, one of the potential-supply connection interconnects
230 for supplying a ground potential (a potential-supply con-
nection interconnect 230a in FIG. 32) is connected to one of
the inside circulating power supply interconnects 300 for
supplying a ground potential. That is, in the present embodi-
ment, the ground potential supply cell 204 is a cell for sup-
plying ground potential common between the internal circuit
and I/O cells.

Each of the outer peripheral cell column 20 and the inner
peripheral cell column 30 has a power supply interconnect
301 for the internal circuit. The power supply interconnect
301 for the internal circuit 301 are located at the same layer as
the power potential supply interconnect 222, and extends in
parallel to the power potential supply interconnect 222. Either
the outer peripheral cell column 20 or the inner peripheral cell
column 30 (the outer peripheral cell column 20 in the example
shown in FIG. 32) has a power potential supply cell 206 for
the internal circuit separate from a potential supply cell
capacitive element 202 for the I/O cell 200. The power poten-
tial supply cell 206 supplies a power potential for the internal
circuit to the inside circulating power supply interconnect 300
through an interconnect 233 at the same layer as the potential-
supply connection interconnect 230. The power potential
supply cell 206 also supplies a power potential for the internal
circuit to the power supply interconnect 301. If an intercon-
nect similar with the interconnect 233 is extended to the
inside circulating power supply interconnect 300 at the arbi-
trary position of each of the outer peripheral cell column 20
and the inner peripheral cell column 30, the power potential of
the inside circulating power supply interconnect 300 can be
further stabilized. The power supply interconnect 301 is also
included in the design data of the I/O cell 200.

Since a variation (power supply noise) in the power poten-
tial of the I/O cell 200 is large, the internal circuit may
malfunction if the power supply noise transmits to the internal
circuit. On the other hand, in the present embodiment, the
power potential of the internal circuit and the power potential
of'the I/O cell 200 can be separated from each other. Accord-
ingly, it is possible to reduce a possibility that the internal
circuit malfunctions.

Second Embodiment

FIG. 7 is a plan view showing the configuration of a semi-
conductor device according to a second embodiment and
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corresponds to FIG. 3 in the first embodiment. The semicon-
ductor device according to the present embodiment has the
same configuration as the semiconductor device according to
the first embodiment except that a region 32 where no I/O cell
200 is provided is present in the inner peripheral cell column
30 of the semiconductor chip 10.

Specifically, a plurality of /O cells 200 are provided in the
inner peripheral cell column 30. The region 32 is formed by
thinning out some of the /O cells 200. In the region 32, other
interconnects (for example, interconnects for forming the
internal circuit of the semiconductor chip 10) are routed in
each interconnect layer in which the power potential supply
interconnect 222, the ground potential supply interconnect
224, and the potential-supply connection interconnect 230
are formed.

Also in the present embodiment, the same effects as in the
first embodiment can be achieved. The region 32 where no [/O
cell 200 is provided is formed in the inner peripheral cell
column 30. Intheregion 32, other interconnects can be routed
in interconnect layers in which the power potential supply
interconnect 222, the ground potential supply interconnect
224, and the potential-supply connection interconnect 230
are to be formed. As a result, the degree of freedom in routing
of other interconnects is improved.

The above effect will be further described using FIGS. 8 to
10.

FIG. 8 is a plan view showing the configuration of a semi-
conductor device in a second comparative example, and cor-
responds to FIG. 7 in the second embodiment. In the second
comparative example, the potential-supply connection inter-
connect 230 is not provided. Instead, the power potential
supply cell 202 and the ground potential supply cell 204 are
provided in the inner peripheral cell column 30. Since the
region 32 is provided, the power potential supply intercon-
nects 222 and the ground potential supply interconnects 224
each are divided into two parts in the inner peripheral cell
column 30. For this reason, it is necessary to provide the
power potential supply cell 202 and the ground potential
supply cell 204 for each set of the divided power potential
supply interconnects 222 and ground potential supply inter-
connects 224.

FIG. 9 is a plan view showing the configuration of a semi-
conductor device in a third comparative example, and corre-
sponds to FIG. 7 in the second embodiment. The third com-
parative example is the same as the comparative example
shown in FIG. 8 except that the power potential supply inter-
connect 222 and the ground potential supply interconnect 224
are also formed in the region 32. Unlike the second embodi-
ment, other interconnects cannot be formed in a portion of the
region 32 where the power potential supply interconnect 222
and the ground potential supply interconnect 224 are formed.

FIG. 10 is a table showing advantages and disadvantages in
the second embodiment (example shown in FIG. 7), the sec-
ond comparative example (example shown in FIG. 8), and the
third comparative example (example shown in FIG. 9). Nine
1/O cells 200 are provided in the example shown in FIG. 7,
while only five /O cells 200 are provided in the example
shown in FIG. 8 and only seven I/O cells 200 are provided in
the example shown in FIG. 9. This is because the number of
potential supply cells in the examples shown in FIGS. 8 and 9
is larger than that in the example shown in FIG. 7. The number
of'long bonding wires connected to the potential supply cells
is 0 in the example shown in FIG. 7, while a plurality of long
bonding wires connected to the potential supply cells are
provided in the examples shown in FIGS. 8 and 9. Other
interconnects may be disposed in the region 32 in the
examples shown in FIGS. 7 and 8, while other interconnects
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cannot be disposed in the region 32 in the example shown in
FIG. 9. Thus, the semiconductor device according to the
second embodiment is advantageous compared with the
semiconductor devices in the comparative examples in vari-
ous points.

Third Embodiment

FIG. 11 is a plan view showing the configuration of a
semiconductor chip 10 according to a third embodiment, and
corresponds to FIG. 1 in the first embodiment. FIG. 12 is a
plan view showing the configuration of the I/O cell 200 used
in FIG. 11. The semiconductor device according to the
present embodiment has the same configuration as the semi-
conductor chip 10 according to the first embodiment except
for the layout of the potential-supply connection interconnect
230 in each cell.

In the present embodiment, in each cell, the distance
between the centers of the two potential-supply connection
interconnects 230 is half of the distance between the centers
of'the I/O cells 200 adjacent to each other, as in the example
shown in FIG. 1. The potential-supply connection intercon-
nect 230 is repeated with the same shape in left and right
halves of the I/O cell 200 in relation to the line passing
through the center of the I/O cell 200. For example, it may be
difficult to place the two potential-supply connection inter-
connects 230 axisymmetrically with respect to the reference
line A as shown in FIG. 2 in the first embodiment, because the
elements are located in the element arrangement region 228
of the lower layer. Also in such a case, if the same shape is
repeated in the left and right halves as in the third embodi-
ment, the axisymmetric arrangement is not necessarily
required. As aresult, the degree of freedom ofthe layout of the
potential-supply connection interconnects 230 can be further
improved, compared with that in the first embodiment.

Fourth Embodiment

FIG. 13 is a plan view showing the configuration of a
semiconductor chip 10 according to a fourth embodiment,
and corresponds to FIG. 1 in the first embodiment. The semi-
conductor device according to the present embodiment has
the same configuration as the semiconductor chip 10 accord-
ing to the first embodiment except that each cell of the outer
peripheral cell column 20 and each cell of the inner peripheral
cell column 30 are disposed at the same position in a direction
alongthe edge 12. That is, in the present embodiment, a lattice
(for example, a square lattice) is formed by each cell of the
outer peripheral cell column 20 and each cell of the inner
peripheral cell column 30. Each cell is disposed at the posi-
tion serving as a lattice point. The layout in the present
embodiment may also be adopted in the second embodiment.

Specifically, the center of the electrode pad 226 included in
the outer peripheral cell column 20 and the center of the
electrode pad 226 included in the inner peripheral cell column
30 are located at the same position in a direction along the
edge 12. The potential-supply connection interconnect 230
extends from the below the electrode pad 226 of each cell in
the outer peripheral cell column 20 to below the electrode pad
226 of each cell in the inner peripheral cell column 30. All
potential-supply connection interconnects 230 extend in a
direction perpendicular to the edge 12 of the semiconductor
chip 10. The position of the potential-supply connection
interconnect 230 with respect to the center of the electrode
pad 226 is the same in all cells.

According to the present embodiment, it is possible to
achieve the same effects as in the first embodiment, and it is
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not necessary to dispose alternately each cell of the outer
peripheral cell column 20 and each cell of the inner peripheral
cell column 30. Thus, an efficient layout with less dead space
can be realized, and as a result, a larger number of /O cells
200 can be arrayed.

Fifth Embodiment

FIG. 14 is a plan view showing the configuration of a
semiconductor chip 10 according to a fifth embodiment, and
corresponds to FIG. 13 in the fourth embodiment. FIG. 15 is
aplan view showing the configuration of the I/O cell 200 used
in FIG. 14. The semiconductor device according to the
present embodiment has the same configuration as the semi-
conductor chip 10 according to the fourth embodiment except
for the layout of the potential-supply connection interconnect
230 in each cell. In the present embodiment, the centerline B
of'abundle of interconnects consisting of the potential-supply
connection interconnects 230 passes through the center of the
1/O cell 200.

Alternatively, in the present embodiment, the centerline of
the potential-supply connection interconnect 230 does not
have to pass through the center of the I/O cell 200 as shown in
FIG. 16.

According to the present embodiment, both the effects in
the third embodiment and the effects in the fourth embodi-
ment can be achieved.

Sixth Embodiment

FIG. 17 is a plan view showing the configuration of a
semiconductor chip 10 according to a sixth embodiment, and
corresponds to FIG. 1 in the first embodiment. The semicon-
ductor chip 10 according to the present embodiment has the
same configuration as the semiconductor chip 10 according to
the first embodiment except for the following points.

First, each of the outer peripheral cell column 20 and the
inner peripheral cell column 30 is divided into first and sec-
ond cell groups 11 and 13. I/O cells 200 belonging to the first
cell group 11 and I/O cells 210 belonging to the second cell
group 13 are driven by different power potentials. A power
potential supply cell 202 and a ground potential supply cell
204 are provided in the outer peripheral cell column 20
belonging to the first cell group 11. A power potential supply
cell 212 and a ground potential supply cell 214 are provided
in the outer peripheral cell column 20 belonging to the second
cell group 13. The configuration of the power potential supply
cell 212 and the ground potential supply cell 214 is the same
as the configuration of the power potential supply cell 202 and
the ground potential supply cell 204.

In each of the outer peripheral cell column 20 and the inner
peripheral cell column 30, a power isolation region 14 is
provided between the first and second cell groups 11 and 13.
The power isolation region 14 is a region to provide a space
between the first and second cell groups 11 and 13. The power
potential supply interconnect 222 and the ground potential
supply interconnect 224 are not provided in the power isola-
tion region 14. In this way, insulation between the first and
second cell groups 11 and 13 is ensured. Design data of the
power isolation region 14 is stored in the cell data storage unit
512 of'the semiconductor device design apparatus 500 shown
in FIG. 6.

According to the present embodiment, it is possible to
achieve the same effects as in the first embodiment, and the
first and second cell groups 11 and 13 with different power
potentials can be easily disposed in a set of cell columns.
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Moreover, the first and second cell groups 11 and 13 and the
power isolation region 14 may also be provided in the second
to fifth embodiments, in the same manner as in the present
embodiment.

Seventh Embodiment

FIG. 18 is a plan view showing the configuration of a
semiconductor chip 10 according to a seventh embodiment,
and corresponds to FIG. 1 in the first embodiment. The semi-
conductor chip 10 according to the present embodiment has
the same configuration as the semiconductor chip 10 accord-
ing to the first embodiment except that some potential supply-
connection interconnects 230 included in the inner peripheral
cell column 30 are connected to the inside circulating power
supply interconnect 300.

According to the present embodiment, the same effects as
in the first embodiment can be achieved. Additionally, when
the power potential and the ground potential supplied to the
outer peripheral cell column 20 and the inner peripheral cell
column 30 are also supplied as a power potential and a ground
potential of an internal circuit of the semiconductor chip 10,
the power potential and the ground potential can be supplied
to the inside circulating power supply interconnect 300
through the power potential supply cell 202 and the ground
potential supply cell 204 of the outer peripheral cell column
20.

The potential-supply connection interconnect 230 may be
connected to the inside circulating power supply interconnect
300 in the second to sixth embodiments, in the same manner
as in the present embodiment.

Eighth Embodiment

FIG. 19 is a view showing the layout of an I/O cell 200, a
power potential supply cell 202, and a ground potential sup-
ply cell 204 provided in a semiconductor chip 10 according to
an eighth embodiment. In the present embodiment, an inner
peripheral cell column 40 is further provided at the inner side
of the inner peripheral cell column 30. The power potential
supply cell 202 and the ground potential supply cell 204 are
not provided in the inner peripheral cell column 40. The
layout of the potential-supply connection interconnect 230
between the inner peripheral cell column 30 and the inner
peripheral cell column 40 is the same as the layout of the
potential-supply connection interconnect 230 between the
outer peripheral cell column 20 and the inner peripheral cell
column 30. Thus, the power potential supplied to the power
potential supply cell 202 and the ground potential supplied to
the ground potential supply cell 204 are supplied to the I/O
cell 200 of the inner peripheral cell column 40 through the
potential-supply connection interconnect 230 (not shown in
FIG. 19). In the eighth embodiment, both the power potential
and the ground potential can be supplied from the outermost
peripheral cell column 20, and this eliminates the need for
disposing the power potential supply cell 202 and the ground
potential supply cell 204 in the inner peripheral cell columns
30 and 40. As aresult, a larger number of /O cells 200 can be
arrayed in the inner peripheral cell columns 30 and 40.

Thus, the number of inner peripheral cell columns, that is,
the number of stages of cells is arbitrarily set.

Moreover, in the present embodiment, the first and second
cell groups 11 and 13 may be provided as shown in FIG. 20,
in the same manner as in the sixth embodiment shown in FIG.
17. In this case, the power potential supply cell 202 and the
ground potential supply cell 204 are provided in the outer
peripheral cell column 20 of the first cell group 11 in the same
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manner as in FIG. 17. Furthermore, the power potential sup-
ply cell 212 and the ground potential supply cell 214 are
provided in the outer peripheral cell column 20 of the second
cell group 13 in the same manner as in FIG. 17. Moreover,
also in the inner peripheral cell column 40, the power isola-
tion region 14 is provided between the first and second cell
groups 11 and 13, similar to the outer peripheral cell column
20 and the inner peripheral cell column 30. According to the
eighth embodiment, both the effects in the sixth embodiment
and the effects in the eighth embodiment can be achieved
simultaneously.

Ninth Embodiment

FIG. 21 is a view showing the layout of cells provided in a
semiconductor chip 10 according to a ninth embodiment. The
layout in the present embodiment is the same as that in the
semiconductor device according to the first embodiment
exceptthat an 1/O cell 240 is provided beside the outer periph-
eral cell column 20 and the inner peripheral cell column 30.
The power supply interconnect 301 shown in FIG. 32 is
provided in the example shown in FIG. 21.

The I/O cell 240 has a different planar shape from the I/O
cell 200. In the example shown in FIG. 21, the I/O cell 240 is
longer than the I/O cell 200 in the direction perpendicular to
the edge 12 and is located over both the outer peripheral cell
column 20 and the inner peripheral cell column 30. The
disposed I/O cell 240 is a single column. A height matching
cell 242 is provided between the 1/O cell 240 and the outer
peripheral cell column 20 and between the 1/O cell 240 and
the inner peripheral cell column 30. Design data of the /O cell
240 and design data of the height matching cell 242 are stored
in the cell data storage unit 512 of the semiconductor device
design apparatus 500 shown in FIG. 6.

Moreover, in the ninth embodiment, the I/O cell 200 (or the
power potential supply cell 202 or the ground potential supply
cell 204) included in the inner peripheral cell column 20 has
the power potential supply interconnect 222 and the ground
potential supply interconnect 224 as shown in FIG. 2. The
distances from the edge 12 of the substrate to these intercon-
nects are preferably equal to the distances from the edge 12 of
the substrate to the power potential supply interconnect 222
and the ground potential supply interconnect 224 provided in
the 1/0O cell 240. In this case, the I/O cells 200 and 240 with
different shapes can be provided together in one semiconduc-
tor chip using the height matching cell 242. As a result, it is
possible to realize a semiconductor chip with a higher degree
of design freedom. Additionally, in the example shown in
FIG. 21, each cell has the power supply interconnect 301
shown in FIG. 31.

As shown in FIG. 22, it is preferable to prepare intercon-
nects in the height matching cell 242 for connecting the power
potential supply interconnect 222 and the ground potential
supply interconnect 224 provided in the inner peripheral cell
column 30, and the power potential supply interconnect 222
and the ground potential supply interconnect 224 provided in
the inner peripheral cell column 40, to the power potential
supply interconnect 222 and the ground potential supply
interconnect 224 provided in the I/O cell 240. This improves
the power supply of the inner peripheral cell column 30 or the
inner peripheral cell column 40, and at the same time allows
to freely dispose the I/O cells 200 and 240 with different
shapes together. In this way, it is possible to realize a semi-
conductor chip to further improve the degree of design free-
dom. Moreover, in the present embodiment, there is a space
between the inner peripheral cell column 30 on the second
column and the height matching cell 242. For this reason, a
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cell 244 for disposing a power supply interconnect (including
a ground interconnect) in this space is disposed. Thus, the
power potential supply interconnect 222, the ground potential
supply interconnect, and the power supply interconnect 301
in the inner peripheral cell column 30 on the second column
are also connected to the power potential supply interconnect
222, the ground potential supply interconnect, and the power
supply interconnect 301 in the outer peripheral cell column
20, respectively, through interconnects of the height matching
cell 242.

The /O cell 240 and the height matching cell 242 may also
be provided in the second to eighth embodiments, in the same
manner as in the present embodiment.

Tenth Embodiment

FIG. 23 is a view showing the layout of cells provided in a
semiconductor chip 10 according to a tenth embodiment. The
layout in the present embodiment is the same as that in the
first embodiment except that either the power potential supply
cell 202 or the ground potential supply cell 204 is provided in
the outer peripheral cell column 20 and the rest of the power
potential supply cell 202 and the ground potential supply cell
204 is provided in the inner peripheral cell column 30.

In the example shown in FIG. 23, a plurality of power
potential supply cells 202 are provided in the outer peripheral
cell column 20, and a plurality of ground potential supply
cells 204 are provided in the inner peripheral cell column 30.
The provision of the plurality of power potential supply cells
202 and the plurality of ground potential supply cells 204 is
for stabilizing the power potential and the ground potential.

As shown in FIG. 24 and FIG. 25, the power potential
supply cells 202 may be provided in different cell columns,
and the ground potential supply cell 204 may be provided in
different cell columns. Also in this case, the power potential
and the ground potential can be made stable.

Specifically, in the example shown in FIG. 24, the power
potential supply cells 202 are provided in a certain cell col-
umn (for example, the outer peripheral cell column 20), and
the ground potential supply cells 204 are provided in the other
cell columns (for example, the inner peripheral cell columns
30 and 40). In the example shown in FIG. 25, the first power
potential supply cell 202 is provided in the outer peripheral
cell column 20. The second power potential supply cell 202
and the first ground potential supply cell 204 are provided in
the inner peripheral cell column 30. The second ground
potential supply cell 204 is provided in the inner peripheral
cell column 40. The way of disposing the first power potential
supply cell 202 and the first ground potential supply cell 204
makes them partially overlapping each other from the view-
point along the edge 12. The way of disposing the second
power potential supply cell 202 and the second ground poten-
tial supply cell 204 also makes them partially overlapping
each other from the viewpoint along the edge 12.

In both the cases described above, it is preferable that the
way of disposing the power potential supply cell 202 (or the
ground potential supply cell 204) located in a certain cell
column and the power potential supply cell 202 or the ground
potential supply cell 204 located in a cell column inward next
to the certain cell column make them partially overlapping
each other from the viewpoint along the edge 12. This makes
it possible to directly connect the power potential supply cell
202 (or the ground potential supply cell 204) located in a
certain cell column and the power potential supply cell 202 or
the ground potential supply cell 204 located in a cell column
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inward next to the certain cell column through the potential-
supply connection interconnect 230.

Eleventh Embodiment

FIG. 26 is a view showing the layout of cells provided in a
semiconductor chip 10 according to an eleventh embodiment.
In the layout in the present embodiment, the inner peripheral
cell column 30 and the inner peripheral cell column 40 are
provided at positions overlapping a part of the outer periph-
eral cell column 20. The power potential supply cell 202 is
disposed in a region of the outer peripheral cell column 20 not
overlapping the inner peripheral cell column 30 and the inner
peripheral cell column 40. In this region, the inside circulat-
ing power supply interconnect 300 is routed just inside the
outer peripheral cell column 20. The power potential supply
cell 202 is connected directly to the inside circulating power
supply interconnect 300 through the potential-supply con-
nection interconnect 230. In this case, a power potential can
be supplied from the power potential supply cell 202 to
directly the inside circulating power supply interconnect 300.
Accordingly, parasitic resistance of an interconnect and the
like causes very few potential drop. As a result, the power
potential of the inside circulating power supply interconnect
300 can be made stable.

In addition, as shown in FIG. 27, when the power potential
supply cell 202 is provided in the inner peripheral cell column
40, the power potential supply cell 202 provided in the inner
peripheral cell column 40 may be connected to the inside
circulating power supply interconnect 300 through the poten-
tial-supply connection interconnect 230.

In the example shown in FIG. 27, the power potential
supply cell 202 (or the ground potential supply cell 204: not
shown in FIG. 27) is provided in each of the outer peripheral
cell column 20, the inner peripheral cell column 30, and the
inner peripheral cell column 40. The way of disposing the
power potential supply cell 202 provided in the outer periph-
eral cell column 20 makes it partially overlapping the power
potential supply cell 202 provided in the inner peripheral cell
column 30 from the viewpoint along the edge 12. This makes
it possible to directly connect the power potential supply cell
202 of the outer peripheral cell column 20 and the power
potential supply cell 202 of the inner peripheral cell column
30 through the potential-supply connection interconnect 230.

The way of disposing the power potential supply cell 202
provided in the inner peripheral cell column 30 makes it
partially overlapping the power potential supply cell 202
provided in the inner peripheral cell column 40. This makes it
possible to directly connect the power potential supply cell
202 of the inner peripheral cell column 30 and the power
potential supply cell 202 of the inner peripheral cell column
40 through the potential-supply connection interconnect 230.
This prevents parasitic resistance of an interconnect and the
like from influencing a potential drop on the inside circulating
power supply interconnect 300. As a result, the power poten-
tial of the inside circulating power supply interconnect 300
can be made stable.

FIGS. 28A and 28B are views showing the layout (FIG.
28B) of two power potential supply cells 202 (or two ground
potential supply cells 204) located above and below each
other compared with the layout (FIG. 28 A) ofthe [/O cell 200.
As shown in FIG. 28A, the plurality of potential-supply con-
nection interconnects 230 provided in the I/O cell 200 have
the same thickness. In contrast, as shown in FIG. 28B, when
the two power potential supply cells 202 are located above
and below each other, a potential-supply connection intercon-
nect 231 for connecting the two power potential supply cells
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202 has a larger thickness than the other potential-supply
connection interconnects 230. In this way, it is possible to
suppress the occurrence of a power potential difference
between the plurality of power potential supply cells 202.

Design data of potential supply cells for multiple stages
shown in FIG. 28B is stored in the cell data storage unit 512
of the semiconductor device design apparatus 500 shown in
FIG. 6.

Twelfth Embodiment

FIG. 29 is a view showing the layout of cells provided in a
semiconductor chip 10 according to a twelfth embodiment.
The layout shown in FIG. 29 shows a layout 400 in the corner
of the semiconductor chip 10. The outer peripheral cell col-
umn 20 and the inner peripheral cell column 30 are provided
in each of the edges 12 and 16 that form the corner. A cell
non-place region 402 is set near the corner. The cell non-place
region 402 is a region where no cell is disposed. The way of
arraying cells along the edge 12 and cells along the edge 16
prevents them from interfering with each other.

FIG. 30 is a view for explaining the layout shown in FIG.
29. As shown in FIG. 30, a minimum required cell non-place
region in the shape shown in FIG. 29 is originally a region
indicated by reference numeral 403. Still, as indicated by
reference numeral 402 in FIG. 29, a cell non-place region is
superfluously secured. In this case, if an interconnect 404 for
making a connection between power supplies of cell columns
disposed separately at each side of the semiconductor chip 10
is arbitrarily disposed in a partial region of the cell non-place
region 402 as shown in FIG. 30, it becomes possible to supply
electric power commonly to cell columns placed at each side.
As aresult, a larger number of /O cells 200 can be arrayed in
the semiconductor chip 10.

Design data of the layout 400 is stored in the cell data
storage unit 512 of the semiconductor device design appara-
tus 500 shown in FIG. 6.

Thirteenth Embodiment

FIG. 30 is a sectional view showing the configuration of a
semiconductor device according to a thirteenth embodiment.
The semiconductor device according to the present embodi-
ment has the same configuration as the semiconductor device
according to each of the above embodiments except that the
semiconductor chip 10 is connected to the interconnect sub-
strate 50 through flip-chip bonding.

Also in the present embodiment, it is possible to increase
the number of /O cells 200.

While the embodiments of the present invention have been
described with reference to the drawings, these are only illus-
trations of the present invention, and other various configu-
rations may also be adopted. For example, although the
potential-supply connection interconnect 230 extends in a
straight-line manner in a direction perpendicular to the edge
12 of the semiconductor chip 10 in each of the embodiments
described above, the potential-supply connection intercon-
nect 230 may extend in a step-wise manner. Moreover,
although the potential-supply connection interconnect 230 is
disposed in each cell in each of the embodiments described
above, there may be a cell in which the potential-supply
connection interconnect 230 is not provided.

It is apparent that the present invention is not limited to the
above embodiment, and may be modified and changed with-
out departing from the scope and spirit of the invention.
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What is claimed is:

1. A semiconductor device comprising:

a semiconductor chip, the semiconductor chip including:

a substrate;

a multilayer interconnect layer formed over the sub-
strate;

an outer peripheral cell column disposed along an edge
of'the substrate in a plan view, the outer peripheral cell
column having at least one first I/O cell;

first and second inner peripheral cell columns formed at
an inner peripheral side of the outer peripheral cell
column, the first and second inner peripheral cell col-
umns having at least one second 1/O cell;

a potential supply cell provided in one of the outer
peripheral cell column and the first and second inner
peripheral cell columns, the potential supply cell
being one of a power potential supply cell and a
ground potential supply cell;

electrode pads formed in the uppermost interconnect
layer of the multilayer interconnect layer, at least one
of the electrode pads being provided in the first I/O
cell, at least one of the electrode pads being provided
in the potential supply cell, at least one of the elec-
trode pads being provided in the second /O cell;

afirst potential supply interconnect provided in an inter-
connect layer below the uppermost interconnect
layer, the first potential supply interconnect being
formed longitudinally in the same direction as the
outer peripheral cell column, the first potential supply
interconnect being connected to the first /O cell;

a second potential supply interconnect provided in
another interconnect layer below the uppermost inter-
connect layer, the second potential supply intercon-
nect being formed longitudinally in the same direc-
tion as the first and second inner peripheral cell
columns, the second potential supply interconnect
being located at an inner peripheral side of the first
potential supply interconnect in a plan view, the sec-
ond potential supply interconnect being connected to
the second I/O cell; and

a potential-supply connection interconnect connecting
the first potential supply interconnect and the second
potential supply interconnect,

wherein the potential supply cell directly connects to one

of the first potential supply interconnect and the second
potential supply interconnect, and the potential supply
cell connects through the one and the potential-supply
connection interconnect to the other one of the first
potential supply interconnect and the second potential
supply interconnect,

wherein the potential-supply connection interconnect is

formed in another interconnect layer under the upper-

most interconnect layer, and

wherein signal interconnects for forming an internal circuit

of the semiconductor chip are arranged between the first

inner peripheral cell column and the second inner
peripheral cell column.

2. The semiconductor device according to claim 1, wherein
the potential-supply connection interconnect comprises a
plurality of potential-supply connection interconnects which
extend in a direction perpendicular to the edge of the substrate
and below the outer peripheral cell column and the first and
second inner peripheral cell columns.

3. The semiconductor device according to claim 2, wherein
the plurality of potential-supply connection interconnects
comprise a power connection interconnect which connects to
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the first potential supply interconnect and a ground connec-
tion interconnect which connects to the second potential sup-
ply interconnect.

4. The semiconductor device according to claim 3, wherein
the first potential supply interconnect comprises a first power
potential supply interconnect formed below the first and sec-
ond inner peripheral cell columns and a second power poten-
tial supply interconnect formed below the outer peripheral
cell column, and the power connection interconnect connects
the first power potential supply interconnect to the second
power potential supply interconnect.

5. The semiconductor device according to claim 4, wherein
the second potential supply interconnect comprises a first
ground potential supply interconnect formed below the first
and second inner peripheral cell columns and a second
ground potential supply interconnect formed below the outer
peripheral cell column, and the ground connection intercon-
nect connects the first ground potential supply interconnect to
the second ground potential supply interconnect.

6. The semiconductor device according to claim 2, wherein
the first potential supply interconnect and the second poten-
tial supply interconnect are formed in a first interconnect
layer of the multilayer interconnect layer, and the plurality of
potential-supply connection interconnects is formed below
the electrode pads in a second interconnect layer of the mul-
tilayer interconnect layer which is below the first interconnect
layer.

7. The semiconductor device according to claim 1, wherein
the plurality of potential-supply connection interconnects
comprises first and second potential-supply connection inter-
connects which are formed below the first I/O cell.

8. The semiconductor device according to claim 7, wherein
the first and second potential-supply connection intercon-
nects are disposed axisymmetrically with respect to a line
perpendicular to the edge of the substrate and passing through
the center of the first /O cell.

9. The semiconductor device according to claim 1, wherein
the potential-supply connection interconnect is formed to
overlap the at least one first [/O cell and the at least one second
1/O cell in a plan view.

10. The semiconductor device according to claim 1,
wherein the potential supply cell is provided in the outer
peripheral cell column.

11. The semiconductor device according to claim 1,
wherein the potential supply cell comprises a power potential
supply cell and a ground potential supply cell.

12. The semiconductor device according to claim 1,
wherein the at least one first I/O cell and the at least one
second I/O cell are disposed at the same position relative to a
direction along the edge of the substrate.

13. The semiconductor device according to claim 1,
wherein the at least one first I/O cell comprises a plurality of
first /O cells and the at least one second I/O cell comprises a
plurality of second 1/O cells which are disposed alternately
with the plurality of first /O cells in a direction along the edge
of the substrate.
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14. A semiconductor device comprising:
a semiconductor chip, the semiconductor chip including:

a substrate;

a multilayer interconnect layer formed over the sub-
strate;

an outer peripheral cell column disposed along an edge
of'the substrate in a plan view, the outer peripheral cell
column having at least one first I/O cell;

an inner peripheral cell column formed at an inner
peripheral side of the outer peripheral cell column, the
inner peripheral cell column having at least one sec-
ond I/O cell;

a potential supply cell provided in one of the outer
peripheral cell column and the inner peripheral cell
column, the potential supply cell being one of a power
potential supply cell and a ground potential supply
cell;

electrode pads formed in the uppermost interconnect
layer of the multilayer interconnect layer, at least one
of the electrode pads being provided in the first I/O
cell, at least one of the electrode pads being provided
in the potential supply cell, at least one of the elec-
trode pads being provided in the second /O cell;

afirst potential supply interconnect provided in an inter-
connect layer below the uppermost interconnect
layer, the first potential supply interconnect being
formed longitudinally in the same direction as the
outer peripheral cell column, the first potential supply
interconnect being connected to the first /O cell;

a second potential supply interconnect provided in
another interconnect layer below the uppermost inter-
connect layer, the second potential supply intercon-
nect being formed longitudinally in the same direc-
tion as the inner peripheral cell column, the second
potential supply interconnect being located at an inner
peripheral side of the first potential supply intercon-
nect in a plan view, the second potential supply inter-
connect being connected to the second 1/O cell; and

a potential-supply connection interconnect connecting
the first potential supply interconnect and the second
potential supply interconnect,

wherein the potential supply cell directly connects to one
of the first potential supply interconnect and the second
potential supply interconnect, and the potential supply
cell connects through the one and the potential-supply
connection interconnect to the other one of the first
potential supply interconnect and the second potential
supply interconnect,

wherein the potential-supply connection interconnect is
formed in another interconnect layer under the upper-
most interconnect layer,

wherein the semiconductor chip further comprises a region
in the inner peripheral cell column where no 1/0 cell is
provided.



